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(57) Abstract: 



PURPOSE: A nitride semiconductor LED(Light 
Emitting Diode) is provided to prevent voltage 

2 

losses between a P-type crystalline growth layer and , 
an electrode and to increase a light emitting j 
efficiency by forming a P-type electrode having a 2 
quadruple-layer structure. CONSTITUTION: A nitride 8 
semiconductor LED comprises a sapphire substrate 2 
(210), a GaN buffer layer(220), an N-type GaN 
contact layer(230), an N-type AIGaN clad layer 
(240), an InGaN activation layer(250), a P-type 
AIGaN clad layer(260) and a P-type GaN contact 

layer(270). The nitride semiconductor LED further includes an N-type ohmic contact electrode(280) 
and a P-type ohmic contact electrode(290). The N-type ohmic contact electrode(280) is formed on the 
N-type GaN contact layer(230) using Ti/AI. The P-type ohmic contact electrode(290) having a 
quadruple layer structure composed of Ni(Cr), AuZn(Mg), Pt(Ag,Au)Ox and Au is formed on the P-type 
GaN contact layer(270). 
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£ tM3<1 ^1- S}%E*1) ^#±4^, 44°1<H GaN buffer %, n-GaN contact n-AlGaN clad 

InGaN p - AlGaN clad %■ ^ p-GaN contact f^l 1^ HSri" #^*\} SIM^N $1 

°H, n-GaN contact % $W Ti/Al* °1 %■% n - type ohmic contact $^£W p - GaN contact # 

$Hl-b [Ni(Cr)/AuZn(Mg)/Pt(Ag, Au)0x/AuH 4^ # °l-§-$ p - type ohmic contact ^^ 0 1 



31$, £ t^ofl <4€- ^^-1- t#£x r ^ ^af}^*, 7 )#, GaN buffer %, n-GaN contact #, n- 

AlGaN clad InGaN %^f\ p- AlGaN clad % ^ p-GaN contact 3# 13 ISf* ^£^1 

*r* ^IM^* ^^Hr ^ 7i| fi}-; p - GaN contact % 13 &b S.^ iE^ 0 |n ,=])<>] 4^3 ^34. ^^5). 31, p 
-GaN °<r^ ^ n-GaN contact #°l = &|4fe ofl^U]^, n -GaN contact ^ $H Ti/Al* 

°1 n - type ohmic contact # ^* ^ ^ *1 ?1 fe £31 ; ^ p - GaN contact # $H1 ^ [Ni (Cr)/AuZn (Mg)/ Pt (Ag, 
Au)0x/Au]2} 4^ # (quadruple layer) ^2:^ *g3*l?l^ £31* 

i 2 
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si £1 

110, 210... 7) #120, 220... GaN buffer % 
130, 230... n-GaN contact #140, 240... n - AlGaN clad % 
150, 250... InGaN #^#160, 260... p- AlGaN clad # 
170, 270... p-GaN contact #180, 280... n-type ^ 
190... p-type #-^290... p-type 4# ^ 

£ 441- ^£^1 T}^*] SL§] 1^-1- wl-i*)! 1^ * 3»fl -S- 4#(0hmic 

contact) JM* <9* ^ SZ^r #^-713.1- $ ^ , 1^ #4 aH°)1 t^fe ± 

£( Voltage Drop)* ^l^M «V51*]1 ±x}2\ «V«E*]1 £7+°] ^%s_%± £QJ ^ $XS= 441 £ 

£*ll 4"#£7 r ^ TflS^ol] ^o)4. 

441 ^£^11 (GaN) t^T-Kr 4°l-2-^(LED), 3 4 efl <>1 ^ tH.2.= (LD) SEfe Efl<# *}*1 f-°l 

^ ale 3711 ^^-«>J1 $14. ^ t 7l^S] 800~830nm 44- <933 AlGaAs LED ^ LD°fl tfl «fl 400nm 44" ^ & 
44 4°l-2.:=Tr 7is-^£l- 4«fl °14 *7H?lfe 3M 7^*1) 4 o.3.*|, CD i^-o|l 7)^^ 

t 51^ DVD (Digital Video Disc) ^cfls] szflt- ^i«]-Jl 514. s.*], f7j-_ 4*4 ^ 34 LED ofl s]^- ^^(fuii 
-color) ^^#5)1^1 ^S. 



- 2 - 



471143 42002-0031683 



£ 1* 42-44 1434 144 4£*)1 44±44 4433 7l^(H0) 3°fl M0CVD(43 <S>4 13 34'3)» 
4443 GaN- buffer #(120)4, n-GaN contact #(130)4, n- AlGaN clad #(140)4, InGaN 43 #(150) 4. 
p-AlGaN clad #(160) 3 p-GaN contact #(170) 43 443-° 3. 13 344 34 14 42: ( Double -Hete 
ro)» 7M2 514. 

333, 43 n-GaN contact #(130) 334 Ti/Al* 4443 n - type 44( 180) <>1 3333 51-2-3 , $7] p - G 
aN contact #(170) 3<Hlfe Ni/Au* 3443 p-type 44(190)3 *8333 514. 

32)1, 2j#3 o.Sfc 333 wire bonding43 1 3#£ stem)* 1433 144 4^3 44±4* 

3443, 44 443 44 413 314°! £4* 44333 €4. 

^4*1 £ 14 1* 144 45-3 44±4°l| 433. p-type GaN 13 34 #* 4*3 343 4^M14(magne 
sium)* £3 (doping) 3 4 Mg:GaN 13 34 44 34 4443 3 43. 4* 4H. 7 J(band gap) H333 13 
34 Band-gap offseH €^1)43, °lS 343 GaN ±43 ±4 44* 343 14* 4 "SHI 34, P3 GaN 1 

3 34 44 34 44 433fe # 44 ±3. (Voltage- drop) 7} 1344. 

33 44, P3 GaN 13 34 44 "111- 44 4°H 433^ 44 ±£r 14 44±43 -?4 44* 43 GaN 
44±43 44 s:44 44 £4 434, 44±43 44 43 (life time) 3 #3*3 3fe 433 514. 

41*1 34:a4 4fe 343 43 

4 434 4713 34* 4443 444 3 °.s4, P3 144 4^3 13 34 # 331 P3 4 14 44 44 4 

34 £4 4 514 4433-f- 334AsL3. p3 13 34 #4 44 4«H 4334 44 ±£» 4343 42.3] 
±43 44444 44^. 4.513 ±43 44s** 41 4 Slfe 144 4£3 44±3 g 3. 32:41* *II44 
oil ^433 514. 

433 43 S 44 

4713 434 43471 343 4 433 4# 144 45.31 44±44, 

44°1 3 7l 3;, GaN buffer #, n - GaN contact #, n - AlGaN clad #, InGaN 43 #, p - AlGaN clad # ^ p - Ga 

N contact #3 3# 13 344 144 4£3 44±34 41 ^1 ^l <Hil 5144, 

47l n-GaN contact # 33 Ti/Al* 344 n-type ohmic contact 4^3 3333 51-2-4 

44 p-GaN contact # 33^ [Ni(Cr)/AuZn(Mg)/Pt(Ag, Au)Ox/Au]3 4# #(quadruple layer) 42:3 44 
4 3 44 p-type ohmic contact 443 334 33 ^ 433 44. 

333, 471 p-GaN contact # 33 3334 44 # 42:3 443 513, 4 #3 43tt Ni : 200A, AuZn : 20 
0-300A, Pt(Ag, Au)0x : 500A ^ Au : 400-500A3 433. 333^ 33 ^ 433 514. 

a4, 4713 434 4343 34°} 4 433 4# 144 453 44±43 32434, 

(a) 4433 34, GaN buffer #, n-GaN contact #, n- AlGaN clad #, InGaN 43 #, p- AlGaN clad # ^ p 

-GaN contact #3 3# 13 333 144 4£3 44±44 3133* 334^ 433; 

(b) 471 p-GaN contact #13 33 £13 2:]=43 = (stripe) ^Efls] d>^ 3 ^^( ma sk pattern)* 334^, 
43 p-GaN 44 #4 43* 43 n-GaN contact #3 =344 3343 H33 °fl 3 (dry -etching) 33, 43 
n-GaN contact #33 Ti/Al* 344 n-type ohmic contact 44* 33334 43; ^ 
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(c) ^"7] p-GaN contact # 2Hfe [Ni(Cr)/AuZn(Mg)/Pt(Ag, Au)Ox/Au]^ 4# # (quadruple layer) 422} 
444 *§ 3*171^ ^Till- i44^r ^ofl ZL 4^1 oJ4. 

o^H 47] ^7)1 (c) °14<4 

44^3 7 r i £^7HH 1*1 3 (annealing)* ^344 p- % 4^ 42) 4^4# 44 p-type ohmic contact 4^ 
3 ?«l*Hr ZL 43 °1 °J4. 

3i4, -*7l 4^ ^7HAifi] gSje] 2:44, 600^1*1 1044 l*!^} 4*834 ZL 43°1 olcj-. 

°14 24 4 *TH 2]44, 144 4£*ll 13 ^4 # $H ■§■ 14 44 4^4 £4 t #4 44*11 

a* ^t^s.*!, p^ 13 ^4 #4 44 4°H 44 ^-2-1- fMsH 4£*!l £71-21 44444 4^2. 

4^*11 ^421 443:44 41 4 flfe 43 °1 014. 

°14 34€ ^44 #2i*r£4 a. ig-lgoJI 4= ^Al 6(11. ^tg^cf. 

£ 2^ 4 IM 4# 14* 45L*ll fl*±*r*| 4^* ?m^°-3- 444 £4°14. 



£ 2* 42-44, * ll^l 4^- 144 4£*tl 44±4^ a>4<>1<H 714(210), 200A 4*821 GaN buffer #(220), 
Si £^4 4/an 4*fl2l n-GaN contact #(230), Si £^4 O.ljum 4*1121 n - AlGaN clad #(240), Zn ^ Si7> 4*1) 

500A 4*ll2l inGaN 43 # (250) , p - AlGaN clad #(260) ^ Mg £.^4 0.5/an 4*fl2l p-GaN contact # 
(270)°1 3# 13 34£ 141" 4:E3l 44^44 ^11 °1 <>>] JfloH, n -GaN contact #(230) $H Ti/Al4 
°144 n-type ohmic contact 4^(280)°1 H33°l 9X^, 47l p-GaN contact #(270) 2Hlfe [Ni(Cr )/Au 
Zn(Mg)/Pt(Ag, Au)0x/Au]^ 4# #(quadruple layer) 42:21 4^4 °144 p-type ohmic contact 4^(290) 
°1 ^§344. 



°l7H t 4?1 p. GaN contact #(270) ^5)fe 4# # 42:5] 44( 2 90H Sl<H, 4 #21 T^lfe Ni : 200A, 
AuZn : 200-300A, Pt(Ag, Au)0x : 500A $ Au : 400-500A21 *§344. 

zl34 °14 14 tMJ* 14* 44^421 7112434 £ 3* 424°3 4«S«B JL7ls $4. £ 3^& 4 
^o(| 4= 4^ 44^431 ^24.34 44-£ ^£oi4. 

^^01 ^^.o yV£3| ^^4* 7)l^u»g^ ol#4^ 44°H 7l^(J£ 2^ 210 % v 2), GaN buf 

fer #(220), n-GaN contact #(230) , n - AlGaN clad #(240), InGaN *^ #(2 50), p- AlGaN clad #(260) ^ 
p-GaN contact #(270)^1 3# 33 14# ^±7>-g- ^ol3]l- ^^44(4741 301). 

ZLHlJL, 4?1 p-GaN contact #(270) 13 ^3 S4°ll ^S4°lS 4^3. sfl^-lr ^^4^, 4?) p-GaN 

contact #(170)^1 4^ #4 ^« 47l n-GaN contact #(230)^1 HJH4^ fl^l44 ^4°1 °)1 44^, 47| n- 
GaN contact #(230) $H Ti/Al* °l-g-4 n-type ohmic contact 4^(280)# 44(4^1 302). 

3£4, 47) p-GaN contact #(270) [Ni(Cr)/AuZn(Mg)/Pt(Ag, Au)0x/ Au]2) 4# # 4^(290) 

£ ^^44(4^1 303). 

nelui, 471 47fl 303«ll7i 4# # ^^4 4*^ 7>i 4^7lofl7i ^^4°1, P - ^ 4 

4 421 4^4* 44 p-type ohmic contact ^(290)4 <§^44(4^| 304). 47) 44^ 7>i 4^7]ofl 

7-121 l^el 2:44 ^ ^ ^ A l °^l5.7i 600t<HH 1044 ^444 4^€4. 
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44 4£ £44 444 444 £434 ^44 4541 44 ±7}s\ 44-44 444 £ 4 g £ 5 sj. £ 44 

4 **«fl 14* 144 4531 44±4°fl <fl44 4444 4*834 44 43H143 ^.^O}. v^vfl ^ 

£ 5ir £ 4^1 4€ 144 4531 t#±*H tfl44 14444*84 4eM43 ^.^oj- B.^ ^El- 
<3 4^544. 

£ 4 ^ 5 51- 42-44, 144 4*8 43 44-44 *4 ^0} £ 4°fl4fe 4:*4 (schottky) 4^4 J±4 3- 91°. 
4. 600 -C°1H 1044 1443 5 5<H14 ilfe 44 44 4344 44-44 4^3 444 ohmic 44 

4 4414. 

4 44 p-GaN contact #(270)43 contact metal^.4 Ni ^ Cr4 4444, "111 44 ^ £4 

4 44 4 °)l*4p-GaN 13 -^44443 43)4 ^(interface reaction) 4 4444 «fl 2) 4 (potent 

ial barrier )4 4444. 

4, °l)44GaN3 f^4 43 bandgap* 7^7]] 1 "1144 GaN3 4 A 3 4 ( compound) 3 ^ofl 444 ufl^ 
oil- 44fe £.44 444SJ4. 43 44, Ni ^ Cr-based metal 4 44*1] 4 ^]4(first layer metal)3.4 444 

544. 

4?!, 444| 4 ^(second layer metal) 5.4^ p - type dopants'?] Zn ^ Mg -§"4 Au3 ^(AuZn, AuMg)4 
4444 GaN4 "11* 443 3 311 (interface) 3 4^ 45(hole concentration) 4 41^4 ^ -fr«g a], 33 
4°1143 current tunnelling 444 44 -5.3.4 ohmic contact*- Ife Jl4» 45414. 

3^2, AflH}^ %■ Dfl#(third layer metal)3.4fe Pt[Au, Ag]0x* 4441^31. o)^ ^zV GaN ^ 
4 #421 345 (adhesion)* ^^"4 4 4 34 144 ^4 4. 44*1 44 444 44^ Slfe p-type 4441 
Zn7> ^43 44 4444 wire-bonding-g- "1141 Au33 44 4^5 7fl44^ 44 3l4# ^cfl^- ^ Si 
4. 

444°-^. 4 34 444fe "111 44 4 , wire bonding 43 44144 4^44^4 Au» wire bonding 4 

S.4 444 44 "114 4^1'?! [Ni(Cr)/ AuZn(M g )/Pt(A g , Au)0x/Au] 44 4a» 4445S4. 

44, °14 4°1 44371- 4*84 ^°13fe 444i7>^4 4-4-^ ^ o.^ 100jUD ^3.3 wire . b0 nding 

4 ball* 44<H wlre-bondlngfl-o.S.4, ^444 144 4£^ll 44^44 ^1444(47)1 305). 

4^3 14 

443 41^44 44 4 41°fl 4# ^44 4£^1 44^4 ^ ^ *Ha4lH 344, ^44 4i^ll 13 
4 4 3°H 4 44 44 44 4^4 ^4 4 9l^= 44^11 £4 ^4°s4 P^ 14 44 44 44 4°H 4 

44 ±3-9 4444 ^43 44444 44^, ±43 44144 4 44 444 $14. 

(57) 443 ^3 
4^4 1. 

444 4 44. GaN buffer 4, n - GaN contact 4, n - AlGaN clad 4, InGaN 4^4, p - AlGaN clad % p - Ga 

N contact #4 44 44 ^44 444 45.3] 44^44 ^43°ll 5144, 

44 n-GaN contact 4 3°11 TVAl4 444 n- type ohmic contact 444 ^^34 4^-4. 

44 p-GaN contact 4 3°114 [Ni(Cr)/AuZn(Mg)/Pt(Ag, Au)0x/Au]3 44 4(quadruple layer) 42:3 44 
4 444 p-type ohmic contact 444 ^4 44 44^-5. 441" 4531 44^7f. 
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$7] p-GaN contact % $H 4^ # ^23] ^<H] SM, 3" Ni : 200A, AuZn : 200-300A, 

Pt(Ag, Au)Ox : 500A ^ Au : 400-500AS] ^3. ^5)tt 3* f^JiS cfe ^^-f- hV£*1] t#dc*K 

St 1 * 3. 

(a) °1 7l GaN buffer n - GaN contact n - AlGaN clad InGaN IHj f^, p - AlGaN clad % ^ p 
-GaN contact 3* 1^ £#±4-8- ^l^)* *§^*Hr 

(b) $7) p-GaN contact * 1^ ^S^oj E. (stripe) ^nfl^ "}i3 2fl<S(mask pattern)* ^^5ri, 

p-GaN #"3 #7] n-GaN contact #°] HftlM-^ 3*l?r*l °fl D (dry - etching) *1 ?H , 4 V ?1 

n - GaN contact # $H Ti/Al* °1 -g-^: n - type ohmic contact 3 ^"8- ^ *1 7] #711 ; ^ 

(c) %7\ p-GaN contact # ^ofl-fe- [Ni(Cr)/AuZn(Mg)/Pt(Ag, Au)0x/Au]2l 4f^ ^(quadruple layer) ^3:2] 
#^-§- ^*l7lfe £t*Hr 3* ^H^S Sfe ^^-1- «VE*I] t#±*rS] ^1S« 0 ^. 

#7l ( c ) ol^ofl, 

JMM 7>^ g-fl7l «HH t^e] (annealing)* «rS*H, p- % 3^ ?M tl~&J*# 43: p- type ohmic contact 3^ 
* S^Wfe £7)1* cj ^BlsHr 3* ^ €4-* «V51S|1 £#±43 ^1S« 0 V^. 

5. 

31 4*J-°t| 

^7] 7\± $St\ 7 }6\}*\2\ ^^e) 2;^ 6 00t)<HH 10£# t^2l7f ^5|fe «Hr £51 

3) "^^H A 
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H"S 1 
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*\no\o\ 7|5,GaN buff 
n-AIGaN clad§,lnGaN» 
p-GaN contact§o| 3§ 


arS, n-GaN con tact 
^S.p-AIGaN cladS 5! 







p-6aN contact^ 23 £2 23e| ^e^n qeJoj 
□h^H jqge SgsKlI.p-GaN ^ n-GaN 
contact§o| Hfiiuffe- H£M orJSA|*l, 

n-GaN contact* floj Ti/AIS 0|S£ n-type ohnic 
contact S3 



p-GaN contacts flof]^ [Ni(Cr)/AuZn(l*o)/Pt(Aa,Au)Ox/Aij]2j 
4§ £ ^ssl S3 



##3 7^ £*P|of]Ai pti 3^ 2>2J 

&3mm 5# p-type ohmic contact S^S S3 



^= -t^ofl wi re-bond in B d# SSfo| 
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l-V curves Before annealing 
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l-V curves After Anneal ing 
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